Development of 15 nuclear EST microsatellite markers for the paleoendemic conifer Pherosphaera hookeriana (Podocarpaceae) James R. P. Worth 1, 6 , James R. genus, for examining how the current retraction to interglacial refugia of P. hookeriana has impacted genetic diversity, and in determining the level of clonal reproduction.
METHODS AND RESULTS
Total RNA was extracted from an individual of P. hookeriana sourced from Mt. Field National Park and grown in the conifer collection of the School of Biological Sciences, University of Tasmania, using a Plant RNA Isolation Mini Kit (Agilent Technologies, Santa Clara, California, USA). An RNA-Seq data set was constructed by the Beijing Genomics Institute on an Illumina HiSeq 4000 platform (Illumina, San Diego, California, USA). The P. hookeriana RNA-Seq data consisted of 43,176,890 paired-end reads of 100-bp length. De novo assembly was undertaken in CLC Genomics Workbench 8.5.1 (CLC Bio, Aarhus, Denmark), and the 33,066 resultant contigs (N50 = 1728 bp) were mined for microsatellite regions (all contigs are available from the Dryad Digital Repository: https://doi.org/10.5061/dryad.br73qg2; Worth et al., 2018) . Primers were developed bordering these regions with default settings using PrimerPro (http://webdocs.cs.ualberta.ca/∼yifeng/primerpro/). Microsatellites were selected if they met the following criteria: the tandem repeats were >1 bp in length, repeat units exceeded >8, and the microsatellite was located >25 bp from the beginning or end of the contig. These criteria resulted in 67 microsatellite primer pairs that were trialed for amplification in four samples. A total of 53 primer pairs successfully amplified and were subsequently tested for size heterogeneity in eight samples representative of the full distribution of the species. For all loci, the forward primer was synthesized with one of three different M13 sequences (5′-GCCTCCCTCGCGCCA-3′, 5′-GCCTTGCCAGCCCGC-3′, and 5′-CAGGACCAGGCTACCGTG-3′), and the reverse was tagged with a PIG-tail (5′-GTTTCTT-3′; Brownstein et al., 1996) . The PCR reactions were performed following the standard protocol of the QIAGEN Multiplex PCR Kit (QIAGEN, Hilden, Germany) and consisted of a 10-μL reaction volume, containing approximately 5 ng of DNA, 5 μL of 2× Multiplex PCR Master Mix, 0.06 μM of forward primer, 0.1 μM of reverse primer, and 0.08 μM of fluorescently labeled M13 primer. The PCR thermal profile consisted of an initial denaturation at 95°C for 3 min; followed by 35 cycles of 95°C for 30 s, 60°C for 3 min, 68°C for 1 min; and a 20-min extension at (Raymond and Rousset, 1995) . A total of 15 primer pairs were found to reliably amplify, show size variability, and were readily scorable ( Table 1 ). The genetic variability of these 15 loci was examined in 94 samples from three populations of P. hookeriana (Gowan Brae on the Nive River, Wombat Moor from Mt. Field National Park, and The Parthenon from Cradle Mountain-Lake St. Clair National Park [one of the most northern known populations]; see Appendix 1 for more details) and nine individuals of P. fitzgeraldii including samples from four of the nine known populations (Appendix 2). For P. hookeriana, the 15 loci displayed between one and 13 alleles per population, with seven loci displaying at least four alleles in all populations (average number of alleles per locus ranged from 4.8 to 5.93 per population). The average observed heterozygosity over all populations was 0.58 (from 0.54 to 0.63) ( Table 2) . No significant deviations from Hardy-Weinberg equilibrium expectations were detected for any loci except for locus Phero_3893 (P = 0.0179). In addition, allele frequencies appeared independent among loci except for Phero_8380 and Phero_12816 (P < 0.0001). The 15 loci all amplified in P. fitzgeraldii but displayed low variation, with only five loci with more than one allele. Two loci (Phero_20099 and Phero_6366) had four alleles (Table 2) , including some that may be population specific (data not shown).
CONCLUSIONS
We developed 15 expressed sequence tag nuclear microsatellites for the Tasmanian vulnerable paleoendemic conifer P. hookeriana; these are the first such markers developed in the genus Pherosphaera. These loci will be useful for investigating the species' extant genetic diversity and structure, the impact of past environmental change, and the importance of asexual reproduction.
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